Abstract
INTRODUCTION
The global installed capacity of solar Photo Voltaic (PV) has reached 271.4 Giga Watts (GW) in 2016. It is expected to reach 4,500 GW by 2050, with high growth rates anticipated in India, China, and the United States (Hill, 2016) .The world's total annual E-waste reached a record of 41.8 millionmetric tonnes in 2014 and the annual global PV panel waste was 1,000 times lesser. Yet by 2050, the PV panel waste added annually will surpass10% of the record global E-waste added in 2014 (Weckend et. al., 2016) . In India, the targets of solar energy for the year 2022 have been revised from 20,000 MW to 100,000 MW under The Jawaharlal Nehru National Solar Mission (JNNSM) (Business Standard, 2014) (MNRE, 2016) (wikipedia, 2016). India is justifiably moving towards a solar economy but it does not have any PV-specific waste regulations. The question arises regarding the fate of the entire "green" infrastructure after the end of its life? 500 megawatts of solar panels installed every year across the globe represent 50,000 tonnes of potential future E-waste (Tahiri, 2014) .Hence, disposal of solar panels after their useful life of around 25 years will pose a serious problem. Currently solar panels are either burned or tossed in a landfill which releases toxic chemicals into the surroundings. Solar energy is greenerthan fossil fuels as greenhouse gases are not emitted. Butthe waste impacts of manufacturing new solar panels and disposing old ones is a matter of concern. In 2013, Yahoo News reported that some solarfirms released millions of pounds of toxic waste during manufacturing of solar panels without selling any panel. Much of this waste is comprised of water laced with cadmium, a known carcinogenic which damages the lungs and kidneys (Dearen, 2013) (Nunez, 2014) .Most of the solar cells are made out of silicon, the same material which is embedded in billions of electronic chips. As a result, the growing solar PV industry faces an E-waste problem (Nath, 2010) (Gies, 2010) .The amount of scrap material including the failed and broken panels is likely to increase as the PV industry expands.
RESEARCH METHODOLOGY
This paper attempts to identify the long term impacts of solar power. In the short run it appears good from the environmental point of view. But the long term consequences of E-waste that will be generated by it cannot be overlooked. Data was collected through secondary sources; mainly from reports by the Government agencies, journal articles, news articles, solar modules manufacturers' websites etc. Interaction with solar experts gave useful insights about the current scenario of PV recycling in India. AHP and TOPSIS technique have been used to rank the solar manufacturers in India based on their outlook towards EOL solar panels.
PROJECTIONS OF E-WASTE DUE TO END OF LIFE
SOLAR PV IN INDIA India is the fifth biggest producer of E-waste in the world, discarding 1.7 million tonnes (Mt) of electronic and electrical equipment in 2014 (Thomas Reuters, 2015) . India is still struggling to handle the current E-waste. 95% of the E-waste is routed to unorganized sector(Economic Times, 2016) (Chaudhary & Vrat, 2016 ). In such a situation it is imperative to take steps towards the approaching problem of EOL solar panels. Most of the people working in solar industry are currently oblivious to this problem as per the interviews conducted [ (Amarnani, 2016) (Jha, 2016) (Swain, 2016) ]. Also there is no provision for disposal of EOL Solar panels during decommissioning of Solar Plants. Websites of Major Solar Manufacturers' do not contain any information related to Solar p a n e l s r e c y c l i n g [ ( w w w . w a a r e e . c o m , 2016)(www.moserbaersolar.com,2010)(www.maharishisolar. c o m , 2 0 0 0 ) ( w w w. b e r g e n g r o u p i n d i a . c o m , 2 0 1 6 ) (www.indosolar.co.in, 2016)(www.goldigreen.in, 2016) (www.celindia.co.in, 2016)(www.vikramsolar.com, 2016)(greenbrilliance.com, 2016)]. Whereas in US and Europe, it is obligatory for solar panels manufacturers' to follow PV recycling and disposal norms, there are no solar panels waste management regulations in India. Solar trash has not found even a mention in the New E-waste Rules, 2016 (MoEF, 2016 . This challenge can also be seen as opportunity because recycling EOL panels recaptures 90 percent of module materials by weight. Hence, there could be 90 percent reduction in E-waste generated by EOL PV panels. Also the modules of recycled wafers save around 30 % on production energy (Santarris, 2010) .There can be considerable financial opportunities in the Solar Panel Recycling as the manufacturers can recapture the costly raw material and reduce the need for primary raw material. The PV module is estimated to produce $0.58 per watt in recycled value in 2025 which can increase up to $1.21 per watt in 2035. The key factors driving this trend are the increase in PV October 2017 installations from 2000 to 2010, an anticipated increase in recycling rates, and a rise in the market price of raw materials, like aluminum and glass. It is estimated that by 2050 Solar PV recycling could become $15 billion industry (Weckend et. al., 2016) . Table 1 shows the recycling yields by module component materials and Table 2 shows categorization of EOL PV modules material into five categories based on ease of processing. Category 1 is easiest to process, and category 5 is most difficult to process. Table 3 shows the installed solar capacity year 2008-09 onwards as well as the planned solar capacity till year 2021-22. It also shows the projections of E-waste generated from End of Life Solar Panels in India considering that 1 megawatts(MW) of solar panels contributes to 100 tonnes of potential future Ewaste (Tahiri, 2014) . It can be seen in the year 2044-45 E-waste generated from Solar PV will equal the current E-waste generated in India. Table 3 also shows quantity of materials which are difficult to recycle. It is expected that a robust secondary market for panel components and materials will also grow where r epaired PV panels can be resoldat a reduced market price.
The most sustainable manner in which PV modules can be handled is by recyclingthem at the end of their useful life to reduce the environmental impact and to recover useful material s.
LIFE CYCLE ASSESSMENT OF SOLAR PANELS
Life Cycle Assessment (LCA) methodology helps to determine the global warming potential and cumulative energy demands of PV modules and Balance-of-System (BOS) components. Hence, PV recycling offers an opportunity to reduce the primary energy demand of module manufacturing and consequently reduce the associated energy payback period (Sinha et. al., 2012 (Sinha, et al., 2012) . However, better experience and increasing disposal costs will make recycling economically lucrative in the future (Marwede & Reller, 2012) 5. GLOBAL PV RECYCLING PRACTICES: AN OVERVIEW In Europe,regulations state that all solar PV producers supplying to the EU marketought to offer recycling options as well.PV CYCLEconsortium in Europe is a voluntary redeeming and recycling program for EOL PV panels that was initiated by PV companies to assure sustainability by using state of the art disposal and recycling. How it Works:All of the solar manufacturers have their collection points.To dispose of old solar panels one can check the location of the closest collection point.PV CYCLE collects the old panels for free.For Example: If Wagner Solar operated collection point is the closest for a disposer, Wagner Solar will take care of old panels after receiving them(www.wagner-solar.com, 2016). The coalition also instructs manufacturers to test the toxicity of materials prior to manufacturing and to initiate 'take-back' programs to promote recycling. In USA,Silicon Valley Toxics Coalition (SVTC) has developed a Solar Score Card to rank solar manufacturers based on their standards of recycling products, health and safety of workers, chemical use and life-cycle analysis and disclosure statements of the company. The top-ranking manufacturers in 2011 were Solar World, Trina Solar, First Solar, REC and Abound Solar.SVTC is focused to help companies achieve these standards. It is also working to draft and enforce regulatory policies to ensurethe enhanced environmental performance ofthe entire sector. Four parameters considered for scoring the solar manufacturers' are: 1. Extended Producer Responsibility (EPR) and Take back -EPR states the manufacturers' responsibility towards the impact of their products on the environment and the society throughout the product lifecycles. Saaty(1977 and 1980 ) which uses a multi-level hierarchical structure of objectives, criteria (sub-criteria), and alternatives. The relevant data is derived by pair wise comparisons. These comparisons help to calculate the weights of importance of the decision criteria, and the relative performance measures of the alternatives in terms of each individual decision criterion. (Shah et. al., 2013) .The scale of absolute judgments is used to make comparisons that indicates how much more; one element dominates another with respect to a given attribute. The range of the scale is between 1/9 for "least valued than", to 1 for "equal" and to 9 for "absolutely more important than" covering the completerange of the comparison (as shown in table 4). Some key steps involved in this methodology are: 1. State the problem-In this paper AHP is used to assign weights to different criterion to Score Six Solar Manufacturers in India. We have four decision criteria: Criteria 1-EPR, Criteria 2-SCM/GJ, Criteria 3-Chemical used during manufacturing, and Criteria 4-Transparency on Website related to recycling. Criteria are selected based on SCORECARD developed by PV CYCLE Consortium in Europe. 2. The weights of importance of the criteria are determined by using pair wise comparisons. Suppose EPR is Absolutely more important than SCM/GJ so the number 9 is assigned(Using Table 4 ). Likewise other numbers are assigned as shown in Table 5 . Each element is compared in the corresponding level and attuned on the numerical scale. n*(n-1)/2 comparisons are required to perform this step, where n is the number of elements, all diagonal elements are equal or "1" and the other elements will be the reciprocals of the earlier comparisons. 6. Calculations are performed to find out the maximum Eigen value, consistency index (CI), consistency ratio (CR), and the normalized values for each criteria. 7. Check if the values like maximum Eigen value, CI, and CR are acceptable else the process is repeated till these values lie in a desired range. Thepair wise comparisons in the matrix are considered to be consistent if the corresponding consistency ratio (CR) is less than 10% (Saaty, 1980) . To calculate CR coefficient first of all the consistency index (CI) is calculated by adding the columns in the judgment matrix and by multiplying the resulting vector with the approximated eigenvector. This yields an approximation of the maximum Eigen value, denoted by λ . Then, the CI value is calculated by using the formula: CI max = (λ -n) / (n -1). Next the consistency ratio CR is obtained by max dividing the CI value by the Random Consistency index (RCI) as given in table 7. Calculated consistency coefficients are-λmax = 4.246, CI = 0.2131, and Consistency Ratio = 0.37, CR=9%. 
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Step 2: Construct the weighted normalized decision matrix. Assume we have a set of weights for each criteria w for j = j 2 1/2 1,…n. Divide each column by (∑x ) to get r ij ij Table 11 It has operational state-of-the-art recycling facilities at all of its manufacturing units and has a scalable capacity to accommodate high volume. Itsrecycling services can be easily incorporated into O&M (operations and maintenance), EPC (engineering, procurement and construction), as well as PV power plant and module sales agreements.There are no up-front fees for recycling panels.It is basically based onpay-as-you-go model to recycle on a per-unit basis. Its recycling process is very efficient and recovers up to 90% of the semiconductor material and 90% of the glass which can be reused in new products (Firstsolar, 2016) . Figure 3 shows Process steps used by solar world in Module recycling: 1. To remove EVA laminate and release component parts, emission-controlled and heat-trapping incineration is done 2. Manual disassembly/sorting of components into metals, glass, silicon is done 3. Separation, treatment, and pulverization of silicon is done for re-use in manufacturing new wafers. 4. Components like aluminum, glass, copper are given to third party recyclers for recycling and reuse.
RESULTS AND DISCUSSIONS
By keeping the solar panels out of the waste stream, health and environmental risks can be mitigated. PV modules also contain a number of rare and valuable materials that would otherwise be lost as a waste. Using recycled materials can reduce the solar modules' carbon footprint and Energy payback periodsince the use of recovered materials is usually more energy efficient than using raw materials. This advantage has been proved by Solar Manufacturers like the First Solar which has established that a 99.999% refined product is attainable after module recycling and that they have reused the recycled products. Moreover, recovering materials can lower the ecological impacts linked with raw material extraction. India is moving towards a solar economy hence there is need to develop infrastructure to handle the EOL solar PV waste. In India currently no solar manufacturer has recycling facilities. Benchmarking best practices of PV recycling of major Solar Manufacturers' across the globe is the first step towards promoting PV recycling by Indian manufacturers'. India is lagging far behind the EU and USA in Solar recycling but moving fast in embracing solar energy. Hence it is essential to make a leap forward to handle the problems associated with EOL panels.Solar manufacturers' must form a consortium like the European countries and USA to deal with the issue of EOL PV recycling. Ranking of Solar manufacturers in India should be done to make them more accountable and responsible towards EOL PV waste management. Abusiness should be done with responsible manufacturers only. While Promoting 'Make in India' the government should also promote Recycle in India. Without effective legislation, disposal of solar panels may well turn into a huge problem. Hence, it should not be ignored as another Ewaste. India is still struggling to handle E-waste in environment friendly way so it must be prepared to handle the emerging problem of disposing EOL solar panels. The regulators should mandate recycling of EOL PV panels. Solar panels have not been mentioned in New E-waste rules,2016(MoEF, 2016).Rules must include Solar panels waste exclusively in E-waste management rules because sustainable management policies can be achieved through an enabling regulatory framework, along with the stakeholders required to implement it. To support the establishment of appropriate regulatory and investment environment, more data collection and analysis should be done. The energy and waste sectors must coordinate to develop mechanism to support EOL PV management.
CONCLUSIONS
Traditionally, PV panels' waste is land filled or disposed of with general waste treatment. However, with ever increasing waste October 2017 volumes and associated recycling opportunities, waste management companies might become key players in EOL PV management (Weckend et. al., 2016) .The decommissioning stage ofa PV project includes dismantling, recycling and disposal and involves a wide array of energy stakeholders like project developers, construction companies, panel producers etc. Hence, stakeholders' education and awareness is must to promote EOL panels' waste management. R&D and skill development are desirablefor added value creation from EOL panels which can be achieved by strategic ties with the nations like European Union countries and USA whocurrently possess considerable technological and operational knowledge about EOL panels management. India should also focus to build up regionalor mobile' PV recycling centersnear regions where there are huge solar installations. Thiswill also reduce recycling costs by minimizing logistics. India should develop recycling facilities indigenously rather than to ship EOL PV panels abroad. Hence, PV-specific regulations, including collection, recycling regulations and recycling and treatment standards for PV panels are needed to consistently, efficiently and profitably deal with anticipated volumes of waste to be generated.
